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This invention relates to storage tanks for 
liquids, and more particularly to a tank for stor- 
ing volatile liquids and having a variable volu- 
metric vapor capacity. 
In the storing of volatile liquids, it fs neces- 
sary to provide some accommodation ïor the vari- 
able volume of vapor within the tank. It fs 
common in some installations to provide a sepa- 
rate "breather" vessel to receive expanding 
vapors from the tank and to return the vapors 
to the tank upon the contraction thereof. On 
other installations provision fs made for the 
tire roof to rise and fall with changes of vapor 
pressure within the tank. 
We bave invented, and are herein disclosing 
and claiming a flexible breather positioned cn- 
tirely within the tank and adapted fo flex 
wardly and downward]y with variations in vapor 
pressure to provide a variable volumetric vapor 
capacity for the tank. 
The inventions wfll be described as embodied 
in the accompanying drawings in which: 
Fig. 1 fs a plan view, partly broken away, of a 
storage tank; 
Fig. 2 fs a vertical section a]ong lines 2--2 of 
Fig. î; 
Fig. 3 fs a plan view, partly broken away of a 
storage tank embodying an alternative construc- 
tion; 
Fig. 4 fs a vertical section along lines 4--4 of 
Fig. 3; 
Fig. 5 fs a plan view, partly broken away, of a 
storage tank showing another modification of 
the invention; and 
Fig. 6 fs a vertical section along lines 6--G of 
Fig. 5. 
Referring to the embodiment shown in Figs. 
1 and 2, we show a cylindrical storage tank 
having side walls I I and a top 12 provided with a 
screened vent 13. Secured to the upper portion 
of the sides of the tank fs a flexible non-metallic 
seal 14 which fs adapted fo flex upwardly to the 
position shown by the solid lines in Fig. 2 under 
increasing vapor pressure within the tank, and to 
flex downwardly to the position shown by the 
dotted lines in Fig. 2 under decreasing vapor 
pressure. In ifs lowermost position the seal 
tests upon the perïorated support member 
The member 15 fs located within the tank, and 
positioned below the nominal high liquid level. 
The flexible seal 14 fs attached to the sides of 
the tank, on a substantially horizontal plane lo- 
cated af least as low as the high liquid leve]. 
Roof supporting members I G extend upwardly 
from the bottom of the tank and support the 
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roof. These supporting members pierce the flex- 
ible seal I  at various points, and are maintained 
in vaportight re]ationship therewith by means 
oï the sleeves 17 which are secured to the sup- 
5 porting members I at 15 in vaportight relation- 
ship. The sleeves are of such length as to per- 
mit the sealing member to flex upwardly and 
downwardly without imposing strain upon the 
connection 18. A pressure-vacuum vent 19 fs 
10 provided on one side of the tank to vent excessive 
pressures and vacuums. A gauge well 20 fs also 
provided. A considerable saving of space fs 
effected by the positioning of the perforated or 
permeable supporting member 16 below the 
15 highest liquid level as it fs clear that less vapor 
storage space fs required for a nearly full than 
for a nearly empty tank. From the construc- 
tion just described, if can be seen that more vapor 
storage space fs available when the tank fs less 
0 than full than when the tank fs full of liquid. 
In the embodiment shown in Fig. 3, the tank 
  } fs provided with sidewlls I I I and a roof I 12 
having a portion 112a of lesser diameter than the 
diameter of the tank and of generally outwardly 
 convex shape. Secured to the extremities of the 
portion 112a fs a flexible sealing member I I 
which fs adapted to flex upwardly and down- 
wardly with varying vapor pressure within the 
tank. Tbe perforated or permeable support 
0 member I I fs positioned within the tark at or 
above the high liquid level of the tank. _4 
sereened vent 113 fs provided in the portion 112a 
to vent air from behind the flexible seal. Roof 
sup»orting members I I are provided within the 
35 tank. Variations in the vapor pressure within 
the tank will cause the sealing member Il4 to 
flex u»wardly or downwardly, the limit of down- 
ward travel being determined by the position of 
supportin member IlS, and the upward travel 
40 being limited by the height of the roof portion 
la. If can be seen that the flexible sealing 
member in its uppermost positions (as shown by 
the solid lines) fs backed up by the roof portion 
112a "and hence hot subjected to tearing under 
45 excessive pressures. Pressure and vacuum vents 
or valves may be provided on the tank, if desired. 
In the embodiment shown in Figs. 5 and 6, 
the tank 21[} is provided with sidewalls 2Il and 
a roof 212. A screened vent 21 fs positioned in 
50 the top of the roof portion and a flexible seal 
14 fs attached on a substantially horizontal 
rlane to the roof 212. As shown in the drawings, 
the flexible seal bas a lesser cross sectional di- 
ameter than that of the tank. In the particular 
55 embodiment shown in Figs. 5 nd 6, the flexib]e 



9,601,970 

3 
seal 2 | 4 is annular in shape and is secured fo the 
roof portion af ifs outer periphery 220 and fo 
a substantially circular metallic plate 22| ai ifs 
inner periphery 222. The sealing member, com- 
prising the flexible portion 2 |4 and the central 
 portion 22|, is free fo flex upwardly and down- 
wardly with variations in vapor pressures within 
the tank, the downward movement being insured 
by the weight of the member 22|. In the upper- 
most position shown by the solid lines in Fig. 6, 
the flexible portion of the seal is backed up by the 
roof and the edges of the central metallic por- 
tion 22| also test against the roof, thereby pre- 
venting excessive pressures from tearing or rup- 
turing the seal. The sealing member is sup- 
ported in its ]owest position (as shown by the 
dotted lines in Fig. 6) by a permeable support- 
ing member 2|5 positioned within the tank af or 
above the high liquid ]evel thereof. 
In the two embodiments shown in Figs. 4 and 
6, the seal is supported af or above the high liquid 
]evel by the supporting members ||5 and 2|. 
While such positioning of the suPporting mem- 
bers necessitates additiona] vapor stoïage space 
as contrasted with the embodiment shown in 
Fig. 2, the sealing member is less likely to deterio- 
rate from contact with the liquid within the tank. 
While the invention inay be susceptible fo vari- 
ous modifications and alternative constructions, 
it has herein been shown and described in ifs pre- 
ferred embodiments. It is hot intended, however, 
that the invention is to be limited thereby to 
the specific constructions disc]osed. On the con- 
trary, if is intended to cover all modifications 
and alternative constructions falling within the 
spirit and scope of the invention as deflned in 
the appended claires. 
We claire: 
1. In a ]iquid storage tank having a shell and 
a dome-shaped weather roof thereover, breather 
means comprising: a flexible armular non-meta]- 
lic diaphragm within said tank having ifs outer 
marginal edge secured fo the upper portion of 
the tank on a substantially horizontal plane, said 
plane being ai least as high as the high liquid 
leve] of said tank, said diaphragm being adapted 
to flex upwardly and downward]y fo provide a 
variable volumetric vapor capacity for said tank, 
and a flxed dish-shaped vapor permeable sup- 
porting member secured within said tank ad« 
jacent the upper portion thereof and adapted 
to back up said diaphragm in ifs lowest posi- 
tion. 
2. The breather rneans-oÏ claire î in which said 
diaphragm is backed up by said roof throughout 
substantiatly all ifs area when in ifs highest posi- 
tion. 
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3. The sealing means of claire 1 in which said 
diaphragm is secured af its center to a substan- 
tially circular metallic member. 
4. In a liquid storage tank having a shell and a 
5 dome-shaped weather roof thereover, af least a 
portion of said roof being convex outwardly, an 
annular flexible diaphragm having ifs outer mar- 
ginal edge attached to said roof on a substan- 
tially horizontal plane, said diaphragm having a 
10 cross-sectional diameter less than that of the 
tank and being adapted fo flex upwardly within 
said convex portion fo provide a variable volu- 
metric vapor capacity for said tank, and a flxed 
dish-shaped vapor permeab]e supporting member 
15 secured ai said horizontal plane within said tank 
adapted fo support said diaphragm above the high 
liquid ]evel of said tank when said diaphragm is 
in ifs lowest position. 
5. In a liquid storage tank having a shell and 
E0 a weather roof thereover, breather means com- 
prising: a flexible diaphragm within said tank 
attached fo the shell on a horizontal plane of at- 
tachment, said plane being ai least as low as the 
high liquid level of said tank, said diaphragm 
25 being suspended within the tank substantially in 
the form of a catenary and being adapted to flex 
upwardly and downwardly fo provide a variable 
volumetric vapor capacity for said tank, and a 
flxed liquid permeable supporting member within 
30 said tank adjacent the uPper portion thereof and 
adapted fo suppoït, said diaphragm below the 
high liquid level of said tank when said dia- 
phragm is in ifs lowest position. 
6. The breather means of claire 5 including roof 
:35 supporting members within said tank secured fo 
the bottom thereof and fo the roof, said roof 
supporting members piercing said flexible dia- 
phragm and being secured thereto in vaportight 
relationship. 
.h0 EDWAR.D S. FRASEI. 
CL-I. FFOI%D I-. OPé. 
REFERENCES CITED 
ïhe followin references are of record in the 
ô file of this patent: 
UNITED STATES PATENTS 

0 

55 

Number 
1,580,194 
1,666,666 
1,690,072 
2,074,959 
2,408,539 
2,418,229 

Name Date 
Glass .............. Apr. 13, 1926 
Pew .............. Apr. 17, 1928 
Johnson ............ Oct. 30, 1928 
Guest ............ i-V/af. 23, 1937 
Wiggins ............ Oct. 1, 1946 
Jackson ............. Apr. 1, 1947 



